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(57) Abstract: A sensor for a height control system in a trailing arm suspension uses a transducer to detect changes in position of a 
^ trailing arm relative to a vehicle and sends a proportional signal to a microprocessor that, in turn, actuates a pneumatic valve operably 

connected to an air spring between the trailing arm and the vehicle. The transducer includes an optical bridge, a variable capacitor, 
^ or a flexible variable resistor. 
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HEIGHT CONTROL SYSTEM AND SENSOR THEREFOR 

Related Application 
This application claims priority on U.S. Provisional Patent Application 
5 60/208,426, filed May 25, 2000. 

Background of the Invention 

Field of the Invention 

The invention relates to a sensor for sensing rotational and linear 
displacement and more particularly for a sensor used in a vehicle with a pneumatic 

10 suspension having a height control system. In another aspect, the invention relates to 
a height control system having a sensor for detecting changes in the vehicle ride 
height and controlling the pneumatic suspension in response to the sensor output to 
adjust the vehicle height, hi yet another aspect, the invention relates to a trailing arm 
suspension having a rotatably mounted arm whose movement is damped by an airbag 

15 in combination with a height control sensor that detects changes in the vehicle ride 
height relative to a reference ride height based on the rotation of the arm and 
correspondingly controls the pneumatic pressure within the airbag to adjust the 
vehicle height. 

Related Art 

20 Pneumatic or pressurized-air height control systems are known and 

commonly used in heavy-duty vehicles, such as semi/tractor-trailers. A common 
implementation of such a height control system is a trailing arm suspension. The 
trailing arm suspension comprises a trailing ann having one end pivotally mounted to 
a bracket depending from a portion of the vehicle frame to permit rotation of the arm 

25 relative to the vehicle frame. The arm carries an axle on which the wheels of the 
vehicle are rotatably mounted. An air spring comprising an inflatable air bag is 
positioned between another portion of the arm and vehicle frame. Any changes in the 
vehicle ride height relative to a predetermined reference height pivots the arm, causing 
a corresponding compression or expansion of the airbag. The height of the vehicle 
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can be controlled by adding or exhausting pressurized air from the air bag. Changes 
in the ride height typically occur during the loading and unloading of the vehicle. 

Current trailing arm suspensions use a mechanical height control valve 
to control the introduction and exhaustion of pressurized air into the airbag. The 
5 height control valve comprises an inlet port fluidly coupled to a source of pressurized 
air on the vehicle, an airbag port fluidly coupled to the airbag, and an exhaust port 
fluidly coupled to the atmosphere. An actuating arm extends from the height control 
valve and is operably coupled to the trailing arm usually by an adjustable length rod. 
Rotation of the trailing arm correspondingly moves the arm of the height control 

10 valve. The arm of the height control valve moves an internal valve within the height 
control valve to either fluidly connect the pressurized air port to the air spring port or 
the air spring port to the exhaust port and thereby introduce or exhaust, respectively, 
pressurized air from the airbag. Setting the vehicle ride height for this type of 
mechanical height control valve is typically accomplished by adjusting the length of 

15 the rod connecting the trailing arm to the actuating arm of the height control valve. 

A disadvantage of the current system is that the mechanical 
components are subject to damage during the normal operation of the trailing arm 
suspension or by technicians working on the suspension. If the connecting rod or the 
rotating arm of the height control valve are bent, it can alter the preset ride height of 

20 the height control valve and adversely effect the operation of the suspension. 

Additionally, if left unused for an extended period of time, generally greater than a 24 
hour period, the height control valve can "freeze" in its current position, resulting in 
the failure of the height control valve to perform correctly until the responsible 
component of the height control valve is released. 

25 It is desirable to have a trailing arm suspension and a height control 

sensor that is less susceptible to the hostile environment that degrades the 
performance of the current mechanical sensors for height control valves. 

Summary of the Invention 
The invention relates to a vehicle having a pneumatic or air-operated 

30 suspension capable of controlling the vehicle ride height and a sensor that senses 

changes in the ride height and controls the introduction and exhaustion of pneumatic 
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fluid, such as air, to adjust the vehicle ride height. Preferably, the vehicle comprises a 
trailing arm suspension having a trailing arm with one portion pivotally mounted 
relative to a vehicle frame and carrying an axle on which the vehicle wheels are 
supported. An air spring is disposed between another portion of the trailing arm and 

5 the vehicle frame and resists the rotational movement of the trailing arm relative to the 
vehicle frame in response to reaction forces applied to the trailing arm through the 
axle and the ground engaging wheels. A pneumatic system controls the introduction 
and exhaustion of pressurized air into the air spring to adjust and control the vehicle 
ride height. Pressurized air can be added to the air spring or exhausted from the air 

10 spring to raise and lower the vehicle ride height, respectively. 

A sensor is provided to monitor the change in the position of the 
trailing arm relative to the predetermined or reference ride height and to determine the 
change required in the vehicle ride height, if any, to return the ride height to the 
reference ride height. The sensor controls the introduction and exhaustion of 

15 pressurized air into the airbag to make the necessary adjustment to keep the vehicle at 
the reference ride height 

The sensor can comprise a light emitter that is functionally coupled to 
the trailing arm and emits a light that is received on a light sensor, such as a 
photoconductive cell or photodiode detectors arranged in an optical bridge structure. 

20 The change in the light intensity is detected by the sensor. The emitted light can be a 
focused point source which is diffused prior to striking the light sensors. As the 
trailing arm moves, the diffused light source is moved relative to the light sensors 
resulting in a change in intensity seen by each light source. The change of intensity is 
converted into an output signal from the height sensor and used to control the 

25 introduction and exhaustion of pressurized air into the airbag. 

The light emitter can alternatively comprise a collimated light 
projected through a diffraction slit, resulting in a diffraction pattern being directly 
projected onto the optical bridge. As the light emitter rotates in correspondence with 
the movement of the trailing arm, the diffraction pattern moves relative to the light 

30 sensors, which outputs a corresponding signal proportional to the change in intensity 
as seen by each sensor. 
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In yet another alternative, the light emitter can be fixed relative to the 
trailing arm and a fresnel lens or similar device is disposed between the light emitter 
and a diffiiser in front of the optical bridge while being coupled to the trailing arm. 
The rotational movement of the trailing arm is converted into translational movement 
5 of the fresnel lens relative to the light emitter resulting in a point light source moving 
across the diffiiser. The diffused spot of light moves relative to the light sensors 
altering the intensity seen by each light sensor. 

The sensor can also take the form of a variable capacitor having 
multiple fixed capacitive plates anranged in two electrically distinct series and 
10 moveable capacitive plates disposed between the two series of fixed plates. The 
moveable plates are functionally coupled to the rotational movement of the trailing 
arm. As the rotating plates move relative to the fixed plates in response to the trailing 
arm rotation, the capacitance of one series changes relative to the other. The change 
in the capacitance between each series is proportional to the rotation of the trailing 
15 arm and is used to control the addition and exhaustion of air from the air springs to 
adjust the vehicle height. 

A final form of the sensor comprises a flexible variable resistor that is 
functionally connected to the trailing arm. As the flexible variable resistor is bent its 
resistance changes accordingly. The sensor outputs a signal corresponding to the 
20 change in the resistance and is used to control the addition and exhaustion of air from 
the air springs to adjust the vehicle height. 

Brief Description of the Drawings 
In the drawings: 

FIG. 1 illustrates a trailing arm suspension incorporating a first 
25 embodiment of a height sensor according to the invention; 

FIG. 2 is a partially cut away end view taken along 2-2 of FIG. 1 
illustrating the mechanical connection between the sensor and the trailing arm 
suspension; 

FIG. 3 is a sectional view of the sensor in FIG.'s 1 and 2 and 
30 illustrating a light emitter for the sensor in a reference position relative to an optical 
bridge of a light sensor assembly; 
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FIG. 4 is identical to FIG. 3 except that the light emitter is shown in an 
alternative position relative to the optical bridge; 

FIG. 5 is a block diagram of the control system showing the interaction 
between the height sensor and the vehicle pneumatic control system by an intervening 
5 sensor control circuit; 

FIG. 6 is a schematic illustration of the sensor control circuit for the 

optical bridge; 

FIG. 7 illustrates a second embodiment height sensor according to the 

invention; 

10 FIG. 8 illustrates a trailing arm suspension incorporating a third 

embodiment height sensor according to the invention; 

FIG* 9 is a sectional view of the third embodiment height sensor; 

FIG. 10 is a sectional view of a fourth embodiment height sensor 
according to the invention; 
15 FIG. 1 1 is a sectional view taken along line 1 1-1 1 of ETG. 10 for the 

fourth embodiment height sensor; 

FIG. 12 is a schematic illustration of the sensor control circuit for the 
fourth embodiment height sensor; 

FIG. 13 illustrates a fifth embodiment height sensor according to the 

20 invention; 

, FIG. 14 is a schematic representation of the control circuit for the fifth 
embodiment height sensor; 

FIG. 15 illustrates a sixth embodiment height sensor according to the 
invention in the context of a shock absorber; 
25 FIG. 16 illustrates a seventh embodiment height sensor according to 

the invention; and 

FIG. 17 is a sectional view taken along line 17-17 of FIG. 16. 

Detailed Description of the Embodiments 
30 FIG. 1 illustrates a trailing arm suspension 10 mounted to a vehicle 

frame 12. The trailing arm suspension 10 comprises a trailing arm 14 having one end 
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pivotally mounted through a bushed connection 16 to a frame bracket 18 depending 
from the vehicle frame. An air spring 20 comprising a piston 22 mounted to a portion 
of the trailing arm 14 and an airbag 24 mounted to the frame 12 through a plate 25 
connects the other end of the trailing arm 14 to the vehicle frame 12. An axle bracket 
5 26 is flexibly mounted to the trailing arm 14 between the frame bracket 18 and the air 
spring 20 by a pair of bushed connectors 28, 30. The axle bracket mounts an axle 32 
to which the ground engaging wheels (not shown) of the vehicle are rotatably 
mounted. A shock absorber 27 extends between the axle bracket 26 and the frame 
bracket 18. 

10 Although the operation of a trailing arm suspension is widely known, a 

brief summary will be useful in understanding the invention. As the wheels of the 
vehicle encounter changes in the road surface, they apply a reactive force to the 
trailing arm, pivoting the trailing arm 14 relative to the frame bracket 18 and the 
vehicle frame 12. The pivoting movement of the trailing arm 14 is resisted by the air 

15 spring 20. 

In addition to resisting the rotational movement of the trailing arm 14, 
the air spring 20 is also used to adjust the height of the frame 12 relative to the 
ground. For example, assuming static conditions, as air is introduced into the airbag 
24, the vehicle frame 12 is raised relative to the trailing arm 14, since the trailing arm 

20 14 is effectively fixed relative to the ground because of the contact between the 
ground and the ground engaging wheels. Similarly, if pressurized air is exhausted 
from the airbag 24 the vehicle frame 12 will lower in height relative to the ground. 
These aspects of a trailing arm suspension are widely known to those skilled in the art. 

It should be noted that the trailing arm suspension herein illustrates 

25 only a preferred embodiment of the invention. The invention can be used in other 
types of suspensions. For example, in suspensions not using an air spring, other 
suitable actuators capable of adjusting the vehicle height can be used. In most cases 
the actuator will extend between a portion of the suspension, usually a moveable 
element or arm, and the vehicle. Other possible actuators include extendable 

30 cylinders, pneumatic or hydraulic. Moreover, the invention will find applicability in 
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other aspects of a vehicle where relative displacement of components must be 
determined as described hereinafter. 

Referring now to FIGS. 1 and 2 a sensor 40 is fixedly mounted to the 
interior of the frame bracket 18 and operably coupled to the bushed connector 16 

5 through a link 42. The frame bracket 18 has opposing sidewalls 44, 46 that are 

connected by an end wall 48. The bushed connector 16 comprises an outer sleeve 50 
that is press-fit within the trailing arm 14 and an inner sleeve 52 that is concentrically 
received within the outer sleeve 50. An annulus of elastomeric material 54 is 
compressively retained between the outer sleeve 50 and the inner sleeve 52. The inner 

10 sleeve 52 is longer than the outer sleeve 50 resulting in the ends of the inner sleeve 52 
abutting the inner surfaces of the sidewalls 44, 46 respectively. A mounting bolt 56 
compressively mounts the sidewalls 44, 46 against the ends of the inner sleeve 52 to 
fix the inner sleeve relative to the frame bracket 18. With this construction, the 
pivotal movement of the trailing arm results in the rotation of the outer sleeve 50 

15 relative to the inner sleeve 52. The rotation is permitted by the elastomeric annulus 
54, which enables the outer sleeve 50 to rotate relative to the inner sleeve 52. 

The sensor 40 contains an external shaft 60 that is coupled to the link 
42, which is connected to the outer sleeve 50. The link 42 can have any suitable shape 
so long as the rotational movement of the outer sleeve is correspondingly transferred 

20 or coupled to the rotation of the external shaft 60. For example, the link can comprise 
arms 62, 64 which are connected by one of the arms having a pin that is received in a 
slot in the end of the other arm, thereby the rotational movement of the outer sleeve is 
correspondingly transferred to the external shaft 60 of the sensor 40 while 
accommodating any relative vertical movement between the arms 62, 64. 

25 The sensor 40 will now be described in greater detail with reference to 

FIG.'s 3 and 4. The sensor 40 comprises a light emitter 70 that is mounted to the 
external shaft 60. The light emitter 70 preferably is formed from a solid block 72 of 
metal or plastic having a light source chamber 74 and a light passage 76 optically 
connecting the light chamber 72 to the exterior of the light emitter 70. A light source 

30 78, such as a light emitting diode or a laser, is positioned within the light chamber 74 
and emits light that exits the block 72 through the light passage 76 along path A. 
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The sensor 40 further includes a light sensor assembly 90 comprising a 
light-tight housing 92 having an open end in which is fixedly placed a diffusing 
element 94, such as frosted glass. A light detector in the form of an optical bridge 96 
is positioned within the light-tight housing 92 behind the diffusing element 94. The 
5 optical bridge 96 includes two spaced sensors 98, 100, which can be photoconductive 
cells or photodiode detectors. Each light sensor outputs a voltage signal 
representative of the intensity of the light it receives. The voltage signals and their 
differences are used to assess a change in the vehicle height. The optical bridge 96 is 
preferably a sensitive Wheatstone bridge circuit using photoconductive cells in either 

10 a half bridge (2 cells) or a full bridge (4 cells) arrangement. 

The operation of the light sensor 40 is best described by reference to 
FIG.'s 3 and 4. FIG. 3 illustrates the position of the light emitter 70 when the vehicle 
is at a reference ride height. It should be noted that although FIG. 3 illustrates the 
light emitter 70 being oriented substantially perpendicular to the light sensor assembly 

15 90 when the vehicle is at the reference ride height, the light emitter 70 can be oriented 
at an angle relative to the light sensor assembly 90 to establish the reference ride 
height. 

In the reference position shown in FIG. 3, the light emitter 70 emits a 
beam of light along path A. As the beam of light contacts the diffuser element 94 of 
20 the light sensor assembly 90, rays of diffused light contact the spaced light sensors 98. 
The rays of light travel a distance Dl and D2 from the diffuser element 94 to the light 
sensors 98, 100, respectively. The distance the light travels impacts the intensity of 
the light as seen by the light sensors, resulting in a corresponding voltage output from 
the sensors. 

25 Referring to FIG. 4, if the height of the vehicle is changed, such as by 

loading or unloading product from the vehicle, the trailing arm 14 will rotate relative 
to the frame bracket 18, resulting in a corresponding rotation of the outer sleeve 50, 
which results in a corresponding rotation of the external shaft 60 of the height sensor 
40. As the height sensor external shaft 60 rotates, the light emitter 70 is rotated into a 

30 new position and the light beam A strikes the diffuser element 94 at a different 

location. The rays of light emanating from the diffuser element 94 and entering the 
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light sensors 98 now must travel through distances D3 and D4. As can be seen by 
comparison with the distances Dl, D2, the distance D3 for the light ray to enter the 
sensor 98 is less than the previous distance DL Conversely, the distance D4 is greater 
than the distance D2 for the light to enter light sensor 100. The change in the position 
5 of the light emitter 70 from FIG. 3 to FIG. 4 results in the sensor 98 receiving a higher 
intensity light and the sensor 100 receiving a lower intensity light. The change in the 
intensity corresponds to a change in the voltage output signal of the light sensors 98, 
100. The change in the output signals from the sensors, 98, 100 is directly related to 
the rotational change in the trailing arm 14 relative to the vehicle frame 12 and 

10 provides a measure for the change in height of the vehicle from the predetermined 
position. The output from the light sensors 98, 100 can be used to control the 
introduction and exhaustion of pressurized air in to the air springs to raise or lower the. 
vehicle frame until the light emitter 70 is rotated back to the reference position. 

FIG. 5 diagrammatically illustrates the interaction of the sensor 40 with 

15 respect to the pneumatic control system 1 12 that introduces and exhausts pressurized 
air from the airbag 24 of the vehicle. The height sensor 40 is preferably a transducer 
that is electrically coupled to a sensor control circuit 110, which is electrically coupled 
to the pneumatic control system 112. The pneumatic control system 1 12 controls a 
valve 1 14 that fluidly connects a reservoir of pressurized air 1 16 to the airbag 24 or 

20 fluidly connects the airbag 24 to atmosphere. The valve 1 14 is preferably a solenoid- 
actuated valve that is responsive to an output signal from the pneumatic control 
system 1 12. The air reservoir 1 16 is preferably the air reservoir that is commonly 
found on all vehicles using pneumatic suspension systems. 

In general, the height sensor 40 outputs a signal corresponding to the 

25 change in light intensity as seen by the light sensors 98, 100 of the optical bridge 96 to 
the sensor control circuit 1 10. The sensor control circuit conditions the signal from 
the light sensors and determines the change in the vehicle height and outputs a 
corresponding signal to the pneumatic control system 112. The pneumatic control 
system then controls the actuation of the valve 1 14 to either add or exhaust 

30 pressurized air to the airbag 24 to raise or lower the vehicle frame as required. 
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FIG. 6 schematically represents the sensor control circuit 110. It 
should be noted that there are many different possible electrical solutions for 
implementing the sensor control circuit. The exact implementation is not germane to 
the invention. 

5 Sensor control circuit 1 10 comprises a voltage control circuit 120 that 

preferably comprises a DC voltage source 122, preferably that of the vehicle. The DC 
voltage source is passed through a noise and surge protection circuit 124 to eliminate 
voltage spikes and other undesirable components from the voltage supply. The output 
from the noise and surge protection circuit is then directed to a regulated power 

10 conversion circuit 126. The output from the regulated power conversion circuit 126 is 
directed both to the optical bridge 96 and the light emitter 70. The regulated power 
passes through a constant current circuit 128 prior to being supplied to the light 
emitter to ensure no fluctuations in the output intensity of the light emitter. 

The output from the optical bridge 96 is amplified by an amplifier 130. 

15 The amplifier is preferably an instrumentation amplifier or a low noise differential 

amplifier. The amplified signal is then sent to a signal conditioning circuit 132, which 
eliminates unneeded or undesirable portions of the signal. The conditioned signal is 
then sent to a microprocessor 138 that compares the conditioned signal to a reference 
value corresponding to a reference signal sent when the light emitter 70 is in the 

20 reference position. The microprocessor 1 38 can also monitor changes and rate of 

changes in the signal to determine the time rate of change in the vehicle height, which 
is helpful in preventing adjustments to the vehicle for temporary height changes. The 
output from the microprocessor is then sent to the pneumatic control system 1 12 for 
use in adjusting the vehicle height. 

25 The signal sent by the sensor 40 is normally representative of the 

change in the position of the trailing ann relative to a reference position. Generally, 
the reference position of the trailing arm will be the position where the vehicle is at 
the predetermined ride height. However, the sensor will work even if the arm 
reference position does not coincide with the vehicle ride height. 

30 FIG. 7 illustrates a second embodiment height sensor 140 where the 

height sensor 140 is similar to the first embodiment height sensor, like numerals will 



-10- 



WO 01/89863 PCT/US01/16950 



be used to identify like parts; only the major distinctions between the first and second 
embodiments will be discussed in detail. The height sensor 140 comprises a light 
emitter 170 that is mounted to the external shaft 60 and emits a diffracted light pattern 
onto a light sensor 190. The light emitter 170 comprises a block 172 having a light 
5 chamber 174 and diffraction slit 176 optically connecting the light chamber 174 to the 
exterior of the block 172. A light emitter, such as an LED or diode laser is disposed 
within the light chamber 174. A collimating lens 180 is disposed between the light 
source 178 and the diffraction slit 176. 

A light sensor assembly 190 comprises an optical bridge 196 having 

10 spaced light sensors 198, 200. The optical bridge 190 is not enclosed within a 

housing as was the first embodiment. Also, there is no diffuser element positioned 
between the optical bridge 196 and the light emitter 170. 

The light emitter 170 emits a diffraction pattern as illustrated by the 
dashed line B. The dashed line B represents the intensity of the light relative to the 

15 light sensors 198, 200. As can be seen, in the reference position as illustrated in FIG. 
7, the greatest intensity of the diffraction pattern is substantially centered between the 
light sensors 198, 200. The light sensors 198, 200 are preferably positioned so that 
they see the portion of the diffraction pattern that is approximately 50% of the 
maximum intensity. As the external shaft 60 rotates (for example, clockwise in FIG. 

20 7) in response to a change in the vehicle height, the diffraction pattern moves laterally 
relative to the optical bridge 196 as illustrated by diffraction pattern C. The 
movement of the diffraction pattern alters the intensity of light as seen by the sensors 
198, 200. The optical bridge 196 outputs a voltage signal that corresponds to the 
intensity as currently seen by the optical sensors 198, 200. This output signal is 

25 processed in the same manner as the output signal for the first embodiment as 
previously described. 

For the second embodiment, it is preferred that the light emitter be 
either a high output narrow band infrared LED (approximately 940 nm) or an infrared 
diode laser. The light from the light emitter is preferably matched or optimized with 

30 the sensitivity of the light sensors 198, 200, which can be either photoconductive 
cells, infrared photodiodes, infrared photovolactic cells, for example. 
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It is also important to the invention that the light emitted by the light 
emitter 70 be collimated and then emitted through a slit to generate the diffraction 
pattern. Therefore, the shape of the slit must be precisely controlled to obtain the 
diffraction pattern. For example, if a light emitter emits a wavelength of 940 nm, then 
5 the slit should be on the order of .00005 m to .0001 m. The light leaving the slit 176 
should travel a distance that is relatively large compared to the slit before contacting 
the optical bridge. In the above example, a distance of 5 cm is sufficient. 

FIG. 8 illustrates a third embodiment height sensor 240 in the 
environment of the trailing arm suspension and vehicle shown in FIG. 1 . The third 
10 embodiment sensor 240 is substantially identical to the first embodiment, except that 
the height sensor 240 monitors the height change in the trailing arm 14 instead of the 
rotational change of the trailing arm 14 to assess the change in the height of the 
vehicle frame a reference position. Therefore, like parts in the third embodiment as 
compared to the first and second embodiments will be identified by like numerals. 
15 For example, the height sensor 240 can use the same light emitter 70 and light sensor 
assembly 90 as disclosed in the first embodiment 

Looking at FIG. 9, it will be seen that the main difference between the 
height sensor 240 and the height sensor 40 is that the light emitter 70 is fixed and a 
transversely moving fresnel lens 242 is positioned between the light emitter 70 and the 
light sensor assembly 90. The fresnel lens 242 is operably coupled to the trailing arm . 
14 by a link 244. As the trailing arm pivots relative to the frame bracket 1 8, the link 
244 reciprocates relative to the height sensor 240 and moves the fresnel lens 242 
relative to the fixed position of the light emitter 70 and the light sensor assembly 90. 

As is well known, a fresnel lens 242 comprises a series of concentric 
25 rings 248, with each ring having a face or reflecting surface that is oriented at a 

different angle such that light striking the planar surface 246 of the fresnel lens passes 
through the lens and is focused by the concentric rings to a predetermined focal point. 

In the height sensor 240, the planar surface 246 of the fresnel lens 242 
faces the light emitter 70 and the concentric rings 248 faces the diffuser element 94 of 
30 the light sensor assembly 90. Therefore, light emitted from the light emitter 70 and 
striking the planar surface 246 of the fresnal lens is focused by the concentric rings to 



20 
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a point on the diffuser element 94. The angular orientation of the refracting surfaces 
generated by the concentric grooves is selected so that the light emitted from the light 
emitter is focused at the location of the diffuser element 94. 

As the trailing arm moves relative to the vehicle, the fresnel lens 242 
5 moves laterally relative to the diffuser element to change the location of the focal 
point on the diffuser and thereby change the intensity of light as seen by the light 
sensors 98, 100. The point of light contacting the diffuser element 94 after passing 
through the fresnel lens 242 is processed in substantially the same manner as 
described for the first embodiment. 

10 FIG. 10 illustrates a fourth embodiment height sensor 340 according to 

the invention. The fourth embodiment height sensor 340 is similar to the first and 
second embodiments in that it responds to the rotational motion of the trailing arm 14 
relative to the vehicle frame 12. The height sensor 340 is different in that it relies on a 
change in capacitance to generate a control signal for determining the change in height 

15 of the vehicle frame relative to the trailing arm 14. 

The height sensor 340 has a variable capacitor comprising a set of 
spaced stationary plates 344 between which is disposed a set of moveable plates 346, 
which forms a capacitor bridge circuit 342. The stationary plates 344 are formed by a 
pair of opposing semi-circular plates 348, with each semi-circle being mounted to a 

20 support tube 350. The semi-circular plates 348 are mounted the support tube 350 in 
such manner that they are spaced slightly from each other to effectively divide the 
stationary plates 344 into a first and second series 352, 354, respectively. The first 
and second series 352, 354 are electrically distinct. The moveable plates 346 have a 
sector or pie- wedge shape and are mounted to a rotatable control shaft 356 that is 

25 mounted within the support tube 350 and connected to the external shaft 60 so that 
rotation of the shaft results in the rotation of the moveable plates 346 relative to the 
stationary plates 344. 

In the preferred referenced position, the moveable plates 346 are 
positioned relative to the first and second series 352, 354 of the stationary plates 344 

30 so that the gap between the first and second series 352, 354 is approximately centered 
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relative to the moveable plate. The space between the stationary plates and moveable 
plates is preferably filled by a suitable dielectric material. 

In operation, as the trailing arm 14 rotates relative to the vehicle frame 
12 in response to a change in height of the vehicle, the external shaft 60 rotates the 
5 control shaft 356 correspondingly, which moves the moveable plates 346 relative to 
the first and second series 352, 354 of semi-circular plates. As the moving plates 
cover more area on one series of semi-circular plates, the capacitance on that series of 
semi-circular plates increases, resulting in a capacitive differential between the first 
and second series of plates. The difference in capacitance is related to the magnitude 

10 of the height change and is outputted by the height sensor for use in adjusting the 
height of the vehicle. 

Referring to FIG. 12 the sensor control circuit 1 10 for the height sensor 
340 comprises a power supply 360, including a power source 362, which is preferably 
obtained from the vehicle power source regulated by a regulating circuit 364. The 

15 regulated power is fed to an oscillating circuit 368 used to excite or charge the 

stationary and moveable plates 344, 346, respectively, of the capacitor bridge circuit 
342. The output from the capacitor bridge circuit 342 is directed to an amplifier 
circuit 370, whose amplified output is then passed through a demodulator circuit 372 
to transform the amplified oscillating signal into a steady voltage signal that is 

20 proportional to the rotation angle of the trailing arm. The proportional voltage signal 
is then input to a microprocessor 374 where the signal is monitored to assess any 
change in the rotational angle relative to a reference value. As with the other 
embodiments, the microprocessor 374 can immediately act on the voltage input signal 
or monitor the voltage input signal over a predetermined time period before sending 

25 an output signal to the pneumatic control system 1 12. In most cases, it will be 

preferred to monitor a predetermined time period of the voltage input signal with the 
microprocessor 374 to delay adjusting the vehicle height for transitory changes. 

FIG. 13 illustrates a fifth embodiment height sensor 440 according to 
the invention. Unlike the first four embodiments, the height sensor 440 is operably 

30 coupled to the trailing arm but not through a direct connection. Instead, the height 
sensor 440 is located within the interior of the air spring 20. The height sensor 440 
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comprises a spring plate 442 having one end connected to the top plate 25 of the air 
spring 20 and another portion connected to the piston 22 of the air spring 20. A 
flexible variable resister 444 is fixed to the spring plate 442. The flexible variable 
resister is weD known and described in detail in U.S. Patent No. 5,086,785, which is 
5 incorporated herein by reference. The flexible resister 444 varies its resistance as it is 
bent. 

The characteristic of the flexible variable resister 444 changing its 
resistance in response to its bending is used to indicate the amount of height change in 
the vehicle relative to a reference position. For example, as the height of the vehicle 

10 changes in response to the loading or unloading of the vehicle, the airbag 24 will 
correspondingly compress or expand, resulting in a bending of the spring plate 442 
and the flexible variable resister 444. The change in the resistance of the flexible 
variable resister 444 then becomes an indicator of the degree of height change. 

For consistency, it is important that the flexible variable resister 444 

15 repeatedly bend in the same manner. The spring plate 442 provides a base for the 
flexible variable resister 444 and aids in the repeated consistent bending of the 
flexible variable resister 444. 

Referring to FIG. 14, the sensor control circuit 510 for the height, 
sensor 440 is schematically illustrated. The sensor control circuit 510 for the height 

20 sensor 440 is substantially identical to the sensor control circuit 1 10 for the first 

through third embodiments, except that the optical bridge is replaced by the flexible 
variable resister 444. 

The sensor control circuit 510 comprises a regulated DC voltage 
supply 520 including a DC power source 522, preferably the vehicle DC power 

25 source, which passes through a noise and surge protection circuit 524 and then 

through a regulated DC power conversion or constant current source circuit 526. The 
regulated DC supply 520 outputs a voltage signal to the flexible variable resister 444, 
whose output signal is conditioned by a signal conditioning circuit 528 before it 
reaches a microprocessor 530. As with the previous embodiments, the 

30 microprocessor processes the conditioned output signal from the height sensor 440 to 
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determine the change in the vehicle height and thereby introduce or exhaust 
pressurized air from the airbags 24 to adjust the vehicle height as needed. 

It is worth noting that the sensor control circuit for each embodiment 
disclosed herein need not necessarily input a signal to a microprocessor. The sensor 
5 control circuit can output a voltage signal for use by other types of controllers or 
comparators to implement the pneumatic system. 

FIG. 15 illustrates a sixth embodiment height sensor 540 according to 
the invention. The height sensor 540 is similar to the height sensor 440 in that it uses 
a flexible variable resistor 444 which is wrapped about the coils of a helical or coil 
10 spring 542. The coil spring 542 is disposed within the interior of the shock absorber 
27. 

The shock absorber comprises an exterior cover 544 that is moveably 
mounted to and overlies a cylinder 546 from which extends a piston shaft 548, which 
also extends through the cover 544. The coil spring 542 is wrapped around the piston 

15 shaft 548 and has one end attached to the cover 544 and another end attached to an 
upper portion of the cylinder 546. 

The height sensor 540 functions substantially identically to the height 
sensor 440 in that as the trailing arm 14 rotates relative to the vehicle frame 12, the 
shock absorber cover 544 reciprocates relative to the housing 546 to compress or 

20 expand the coil spring 542, which bends the flexible variable resistor 444. As with 
the height sensor 440, the bending of the flexible variable resistor 444 and the height 
sensor 540 results in the height sensor 540 outputting a signal that corresponds to the 
. relative movement of the vehicle frame 12 and trailing ann 14. 

HG.'s 16 and 17 illustrate a seventh embodiment height sensor 640 

25 according to the invention and also in the context of a shock absorber 27. The 
distinction between the seventh embodiment height sensor 640 and the sixth 
embodiment height sensor 540 is that a spring plate 642 is used in place of the coil 
spring 542. The spring plate 642 is retained within a separate chamber 645 formed in 
the cover 544 of the shock absorber. 

30 As with the height sensor 440 the spring plate 642 of the height sensor 

can have various initially bent shapes. For example, the spring plate as disclosed in 
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the height sensor 440 has a predominately C-shaped profile whereas the spring plate 
642 has a half period of a sine wave profile or, in other words, inch-worm-like 
profile. The profile can just as easily be an S-shape oriented either vertically or 
horizontally or multiple sinusoidal waves. 
5 It is important to note that while the preferred use of the many sensors 

disclosed herein is in a trailing aim suspension, the sensors have many more uses or 
applications in addition to a trailing arm suspension. For example, the sensors can be 
used in many different types of vehicles where monitoring of the vehicle ride height is 
desired. The sensors can also be used on suspensions other than a trailing arm 

10 suspension. Other exemplary suspensions include: leaf suspensions, bolster beam 
suspensions, and independent suspensions, to name a few. As a further example, any 
vehicle that uses an air spring or a shock absorber can use the at least one of the 
sensors described herein for height control or for other functions. 

The sensors can also be used for functions other than height control. 

15 For example, the sensors could be placed on the king pin of a fifth wheel trailer 

connection to sense the rotational position of the king pin relative to the trailer to aid 
in properly coupling the trailer to the tractor. The sensors could be used to monitor 
the position of the trailer dolly. 

The sensors can also be used outside of the vehicle environment. The 

20 rotation driven sensors are highly suitable for use in monitoring the rotational position 
of some object or converting translational movement into a corresponding rotation. 
The bending-based sensors are suited for sensing the relative change (rotational or 
translational) between two objects. 

While the invention has been specifically described in connection with 

25 certain specific embodiments thereof, it is to be understood that this is by way of 
illustration and not of limitation, and the scope of the appended claims should be 
construed as broadly as the prior art will permit. 
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Claims 

What is claimed is: 

1 . A height control system for a vehicle (12) having a 
predetermined ride height comprising a trailing arm suspension (10) having a pair of 
trailing arm assemblies for carrying an axle (32) supporting ground engaging wheels, 
each of the trailing arm assemblies having an arm (14) with one portion pivotally 

5 mounted to the vehicle and an air spring (20) positioned between the vehicle and 
another portion of the arm to resist the pivotal movement of the arm toward the 
vehicle, and an air system (1 12, 1 16) for at least supplying pressurized to the air 
spring, the height control system comprising: 

a selectively actuatable valve (1 14) adapted to selectively fluidly connect the 
10 air spring to either the air system or the atmosphere for selectively introducing or 
exhausting air from the air spring to effect the relative movement of the trailing arm 
and the vehicle and thereby alter the vehicle ride height; 

a transducer sensor (40, 140, 240, 340, 440, 540, 640) operably coupled (42, 
442, 542, 642) to the trailing arm that senses pivotal movement of the trailing arm and 
15 sends an output signal proportional to the amount of pivotal movement of the trailing 
arm; and 

a controller (1 10) coupled to the transducer and to the valve wherein the 
controller receives the transducer output signal and selectively actuates the valve in 
response to the value of the output signal to operate the height control system between 
20 an off mode, where the air spring is fluidly disconnected from the air system and from 
atmosphere, a fill mode, where the valve fluidly connects the air spring to the air 
system, and an exhaust mode, where the valve fluidly connects the air spring to 
atmosphere, to maintain the vehicle at the predetermined ride height. 

2. The height control system according to claim 1 wherein the 
output signal is representative of the pivotal movement of the trailing relative to a 
reference position for the trailing arm. 
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3. The height control system according to claim 2 wherein when 
the trailing aim is in the trailing arm reference position, the vehicle is at the 
predetermined ride height. 

4. The height control system according to claim 1 wherein the 
output signal is representative of the change in height of the trailing arm 
corresponding to the sensed pivotal movement. 

.5. The height control system according to claim 1 wherein the 
transducer sensor is a light sensor (40, 140, 240). 

6. The height control system according to claim 5 wherein the 
light sensor comprises an optical bridge (90, 190) and a light emitter (70, 170) that 
projects light onto the optical bridge and the optical bridge generates the output signal 
which corresponds to the intensity of the projected light across the optical bridge. 

7. The height control system according to claim 6 wherein the 
optical bridge comprises multiple spaced photosensitive cells (98, 100, 198, 200). 

8. The height control system according to claim 7 wherein the 
light emitter is operably coupled (42) to the trailing arm wherein the pivotal 
movement of the trailing arm correspondingly moves the light emitter to thereby move 
the location where the projected light contacts the light sensor to change the light 

5 intensity seen by each photosensitive ceU. 

9. The height control system according to claim 8 and further 
comprising a light diffuser panel (94) disposed between the light emitter and the 
optical bridge. 

10. The height control system according to claim 8 wherein the 
light emitter comprises a light source (78, 178) and a wall with a diffraction slit (176) 
disposed between the light source and the optical bridge so that the light projected 
from the light source passes through the diffraction slit and is diffracted prior to 

5 reaching the optical bridge. 

1 1 . The height control system according to claim 10 and further 
comprising a collimating lens (180) disposed between the light source and the 
diffraction slit. 
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12. The height control system according to claim 6 and further 
comprising firesnel lens (180) disposed between the light emitter and the optical bridge 
and the fresnel lens is operably connected to the trailing arm wherein the pivotal 
movement of the trailing arm correspondingly moves the fiesnel lens. 

13. The height control system according to claim 1 wherein the 
transducer sensor is a variable-capacitance capacitor (344) operably coupled to the 
trailing arm so that the pivoting of the trailing arm results in a corresponding change 
in the capacitance of the variable capacitor. 

14. The height control system according to claim 13 wherein the 
variable-capacitance capacitor comprises a capacitor bridge circuit (352, 354) that 
generates the output signal. 

15. The height control system according to claim 14 wherein the 
capacitor bridge circuit comprises first and second capacitors (352, 354) having 
variable capacitance and the output signal corresponds to the capacitance differential 
between the first and second capacitors. 

16. The height control system according to claim 15 wherein the 
capacitor bridge comprises first and second electrically isolated plates (348) and a 
moveable plate (346) having a portion overlying each of the first and second 
electrically isolated plates and operably coupled to the trailing arm such that the 

5 pivoting movement of the trailing arm results in a corresponding movement of the 
moveable plate to change the size of the portion of the moveable plate overlying each 
of the first and second plates to thereby vary the capacitance of each capacitor. 

17. The height control system according to claim 1 wherein the 
transducer sensor is a variable resistor (444). 

18. The height control system according to claim 17 wherein the 
variable resistor comprises a flexible strip (444) that changes in resistance as the strip 
is bent. 

19. The height control system according to claim 18 wherein the 
flexible strip is positioned within the air spring to operably couple the bending of the 
flexible strip to the pivoting of the trailing arm. 
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20. The height control system according to claim 18 wherein the 
flexible strip is located on a shock absorber (27) for the trailing arm suspension and 
which extends between trailing arm and the vehicle. 

21. The height control system according to claim 18 and further 
comprising a flexible support (442) on which the flexible strip is mounted. 

22. The height control system according to claim 21 wherein the 
flexible support is spring metal. 

23. The height control system according to claim 22 wherein the 
flexible support has a preformed shape to control the bending profile of the flexible 
strip. 

24. The height control system according to claim 23 wherein the 
preformed shape bell-shaped curve when viewed in profile. 

25. The height control system according to claim 23 wherein the 
preformed shape is a helix. 

26. The height control system according to claim 1 wherein the 
controller comprises a microprocessor (374, 530) for analyzing the transducer output 
signal and controlling the operational mode of the valve in response to the analyzed 
signal. 

27. A trailing arm suspension for a vehicle (12) having a 
predetermined ride height, comprising: 

a pair of trailing arm assemblies carrying an axle (32) for mounting ground 
engaging wheels, each of the trailing arm assemblies comprising: 
5 an arm (14) on each trailing arm assembly with one portion adapted to 

be pivotally mounted to a vehicle; 

an air spring (20) on another portion of each arm to be positioned 
between the vehicle and the arm to resist the pivotal movement of the arm relative to 
the vehicle; 

10 an air system (1 12, 1 16) for supplying pressurized to each air spring; 

a selectively actuatable valve (1 14) for each air spring adapted to selectively 
fluidly connect the air spring to either the air system or to atmosphere for selectively 
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introducing or exhausting air from the air bag to effect the relative movement of the 
trailing arm and the vehicle and thereby alter the vehicle ride height; 

15 a transducer sensor (40, 140, 240, 340, 440, 540, 640) operably coupled (42, 

442, 542, 642) to one of the trailing arms and senses the pivotal movement of the 
trailing arm and sends an output signal proportional to the amount of pivotal 
movement of the trailing arm; and 

a controller (110) coupled to the transducer and to the valve wherein the 

20 controller receives the transducer output signal and selectively actuates the valve in 
response to the value of the output signal to operate the height control system between 
an off mode, where the air spring is fluidly disconnected from the air system and from 
atmosphere, a fill mode, where the valve fluidly connects the air spring to the air 
system, and an exhaust mode, where the valve fluidly connects the air spring to the 

25 atmosphere, to maintain the vehicle at the predetermined ride height. 

28. The trailing arm suspension according to claim 27 wherein the 
output signal is representative of the pivotal movement of the trailing relative to a< 
reference position for the trailing arm. 

29. The trailing arm suspension according to claim 28 wherein 
when the trailing arm is in the trailing arm reference position, the vehicle is at the* 
predetermined ride height. 

30. The trailing arm suspension according to claim 27 wherein the 
output signal is representative of the change in height of the trailing arm 
corresponding to the sensed pivotal movement. 

3 1 . The trailing arm suspension according to claim 27 wherein the 
transducer is a light sensor (40, 140, 240). 

32. The trailing arm suspension according to claim 31 wherein the 
light sensor is an optical bridge (90, 190) and further comprising a light emitter (70, 
170) that projects light onto the optical bridge and the optical bridge generates the 
output signal which corresponds to the intensity of the projected light across the 

5 optical bridge. 

33. The trailing arm suspension according to claim 27 wherein the 
transducer is a variable capacitor (344) operably coupled to the trailing arm so that the 
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pivoting of the trailing arm results in a corresponding change in the capacitance of the 
variable capacitor. 

34. The trailing arm suspension according to claim 33 wherein the 
variable capacitor comprises a capacitor bridge circuit (352, 354) that generates the 
output signal. 

35. The trailing arm suspension according to claim 27 wherein the 
transducer is a .variable resistor (444). 

36. The trailing arm suspension according to claim 35 wherein the 
variable resistor comprises a flexible strip (444) that changes in resistance as the strip 
is bent. 

37. The trailing arm suspension according to claim 36 and further 
comprising a flexible support (442) on which the flexible strip is mounted. 

38. The trailing arm suspension according to claim 27 wherein the 
controller comprises a microprocessor (374, 530) for analyzing the transducer output 
signal and controlling the operational mode of the valve in response to the analyzed 
signal. 

39. A suspension for a vehicle (12) having a predetermined ride 
height, comprising: 

an arm assembly carrying an axle (32) for mounting ground engaging wheels 
and comprising: 

5 an arm (14) with one portion adapted to be moveably mounted to a 

vehicle; 

•an actuator (20) extending between the vehicle and the arm for moving 
the vehicle relative to the arm to adjust the ride height of the vehicle; 

a transducer sensor (40, 140, 240, 340, 440, 540, 640) operably coupled (42, 
10 442, 542, 642) to one of the arm and the vehicle and sensing the relative movement 
between the arm and the vehicle and sending an output signal proportional to the 
amount of relative movement; and 

a controller (1 10) coupled to the transducer and to the actuator wherein the 
controller receives the transducer output signal and selectively actuates the actuator in 
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15 response to the value of the output signal to relatively move the arm and the vehicle to 
maintain the vehicle at the predetermined ride height. 

40. The suspension according to claim 39 wherein the output signal 
is representative of the pivotal movement of the arm relative to a reference position 
for the trailing arm. 

41. The suspension according to claim 39 wherein when the arm is 
in an arm reference position, the vehicle is at the predetermined ride height. 

42. The suspension according to claim 39 wherein the transducer 
sensor is operably coupled to the aim and the output signal is representative of the 
relative change in vehicle height corresponding to the sensed movement of the arm. 

43. The suspension according to claim 42 wherein the transducer 
sensor is a light sensor (40, 140, 240). 

44. The suspension according to claim 43 wherein the light sensor 
is an optical bridge (90, 190) and further comprising a light emitter (70, 170) that, 
projects light onto the optical bridge and the optical bridge generates the output signal 
which corresponds to the intensity of the projected light across the optical bridge. 

45. The suspension according to claim 39 wherein the transducer 
sensor is a variable capacitor (344) operably coupled to the arm so that the movement 
of the arm results in a corresponding change in the capacitance of the variable 
capacitor and the output signal corresponds to the change in the capacitance. 

46. The suspension according to claim 45 wherein the variable 
capacitor comprises a capacitor bridge circuit (352, 354) that generates the output 
signal. 

47. The suspension according to claim 39 wherein the transducer 
sensor is a variable resistor (444). 

48. The suspension according to claim 47 wherein the variable 
resistor comprises a flexible strip (444) that changes in resistance as the strip is bent. 

49. The suspension according to claim 48 and further comprising a 
flexible support (442) on which the flexible strip is mounted. 

50. The suspension according to claim 49 wherein the flexible 
support is mounted to the actuator. 
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5 1 . The suspension according to claim 50 wherein the actuator is an 

air spring (20). 

52. The suspension according to claim 39 wherein the controller 
comprises a microprocessor (374, 530) for analyzing the transducer sensor output 
signal and controlling the operation of the actuator in response to the analyzed signal. 

53. The suspension according to claim 39 wherein the suspension is 
a trailing arm suspension comprising a trailing arm pivotally mounted to the vehicle, 
and an air spring positioned between the trailing arm and the vehicle for relatively 
moving the trailing arm relative to the vehicle by the inflation or deflation of the air 

5 spring, with the trailing arm is the arm and the air spring is the actuator. 

54. The suspension according to claim 54 and further comprising a 
valve selectively coupling the air spring to a source of pressurized air and atmosphere, 
and the vale is operably coupled to the controller whereby the controller selectively 
actuates the valve to couple the air spring to the source of pressurized air and the 

5 atmosphere to thereby inflate or deflate the air spring to adjust the height of the • 
vehicle. 

55. A sensor for sensing the position of a first movable object 
relative to a second movable object characterized by: 

a transducer (40, 140, 240, 340, 440, 540, 640) having a portion thereof 
adapted to be operably coupled to one of the first and second movable objects to sense 
5 physical movement of the first and second movable objects relative to each other, and 
adapted to send a signal responsive to said movement. 

56. The sensor according to claim 55 wherein the transducer output 
signal is representative of the rotational movement of the moveable object relative to a 
reference position for the moveable object. 

57. The sensor according to claim 55 wherein the transducer sensor 
is a light sensor (40, 140, 240). 

58. The sensor according to claim 57 wherein the light sensor 
comprises an optical bridge (90, 190) and a light emitter (70, 170) that projects light 
onto the optical bridge and the optical bridge generates the output signal which 
corresponds to the intensity of the projected light across the optical bridge. 
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59. The sensor according to claim 58 wherein the optical bridge 
comprises multiple spaced photosensitive cells (98, 100, 198, 200). 

60. The sensor according to claim 58 wherein the light emitter is 
operably coupled to the moveable object wherein the movement of the moveable 
object correspondingly moves the light emitter to thereby move the location where the 
projected light contacts the optical bridge to change the light intensity seen by each 

5 photosensitive cell. 

61 . The sensor according to claim 58 and further comprising a light 
diffiiser panel (94) disposed between the light emitter and the optical bridge. 

62. The sensor according to claim 58 wherein the light emitter 
comprises a light source (78, 178) and a wall with a diffraction slit (176) disposed 
between the light source and the optical bridge so that the light projected from the 
light source passes through the diffraction slit and is diffracted prior to reaching the 

5 optical bridge. 

63. The sensor according to claim 62 and further comprising a 
collimating lens (180) disposed between the light source and the diffraction slit. 

64. The sensor according to claim 58 and further comprising .fresnel 
lens (180) disposed between the light emitter and the optical bridge and the fresnel 
lens is operably connected to the moveable object wherein the movement of the 
moveable object correspondingly moves the fresnel lens. 

65. The sensor according to claim 55 wherein the transducer sensor 
is a variable-capacitance capacitor (344) operably coupled to the movable object so 
that the movement of the moveable object results in a corresponding change in the 
capacitance of the variable capacitor. 

66. The sensor according to claim 65 wherein the variable- 
capacitance capacitor comprises a capacitor bridge circuit (352, 354) that generates 
the output signal. 

67. The sensor according to claim 66 wherein the capacitor bridge 
circuit comprises first and second capacitors (352, 354) having variable capacitance 
and the output signal corresponds to the capacitance differential between the first and 
second capacitors. 
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68. The sensor according to claim 67 wherein the capacitor bridge 
comprises first and second electrically isolated plates (348) and a moveable plate 
(346) having a portion overlying each of the first and second electrically isolated 
plates and operably coupled to the moveable object such that the movement of the 

5 moveable object results in a corresponding movement of the moveable plate to change 
the size of the portion of the moveable plate overlying each of the first and second 
plates to thereby vary the capacitance of each capacitor. 

69. The sensor according to claim 55 wherein the transducer sensor 
is a variable resistor (444). 

70. The sensor according to claim 69 wherein the variable resistor 
comprises a flexible strip (444) that changes in resistance as the strip is bent. 

71 . The sensor according to claim 70 and further comprising a 
flexible support (442) on which the flexible strip is mounted. 

72. The sensor according to claim 7 1 wherein the flexible support 
is spring metal. 

73. The sensor according to claim 72 wherein the flexible support 
has a preformed shape to control the bending profile of the flexible strip. 

74. The sensor according to claim 73 wherein the preformed shape 
bell-shaped curve when viewed in profile. 

75. The sensor according to claim 73 wherein the preformed shape 

is a helix. 



-27- 



WO 01/89863 



PCT/US01/16950 



1/12 




Fig. 1 



WO 01/89863 



PCT/US01/16950 



2/12 




Fig. 2 



WO 01/89863 



PCT/US01/16950 



3/12 




Fig. 4 



WO 01/89863 



PCT/US01/16950 




WO 01/89863 



PCT/US01/16950 



5/12 



Vehicle DC 
Voltage Source 



7 



122 



120 





Noise and Surge 
Protection 






\ 




Regulated Power 
Conversion DC 






96^* 


Optional Bridge 
Circuit 




v 


130 ^ 


Amp 



132 



138 



Signal 
iiti 



Conditioning 



Microprocessor 



MS 



-124 
.126 



128 



rz-L 



Constant 
Current Circuit 



Light 
Emitter 



70 



Fig. 6 



WO 01/89863 



PCT/US01/16950 



6/12 




Fig. 8 



WO 01/89863 



PCT/US01/16950 



7/12 



240 




100--.; 



92 90 94 



244 



Fig. 9 



WO 01/89863 



PCTAJS01/16950 



8/12 




Fig. 10 




346 344 



Fig. 11 



WO 01/89863 



PCT/US01/16950 



9/12 



360 









! Vehicle DC 




Regulated 


J Power 




DC Supply 


T- ' 




— ~ i- 



,364 
,368 



362 



Oscillator 
Circuit 



I 



Capacitor 
342 ^—-j Bridge Circuit 



370 



372 



374' 



Amplifier 
Circuit 



I 



Demodulator 
Circuit 



I 



Microprocessor 



Fig. 12 



WO 01/89863 



PCT/US01/16950 



10/12 




Fig. 13 



WO 01/89863 



PCT/US01/16950 



11/12 







520 

/ 








Vehicle DC 




Noise and Surge 
Protection 


Voltage Source 


► 


/ 






522 




Regulated Power 
Conversion DC 



444- 



528 



530- 



E 




Flex 
Sensor 



I 



Signal 
Conditioning 



i 



Microprocessor 



Fig. 14 



WO 01/89863 PCT7US01/16950 




